Abstract. We propose a novel method to measure in situ the bulk speed of a space plasma. It is based on the analysis of the electrostatic field spectrum produced by the Doppler-shifted thermal fluctuations of the plasma ions which can be measured with a sensitive receiver at the terminals of a passive electric antenna. We present a preliminary application in the solar wind using the data acquired in the ecliptic plane by the Unified Radio and Plasma experiment (URAP) on the Ulysses spacecraft. This should allow us to extend to the bulk speed the method of thermal noise spectroscopy which already gives an accurate in sit• diagnosis of the electron density and bulk temperature. This method can be complementary to classical electrostatic analyzers for both interplanetary and magnetospheric studies.
Introduction
In a stable plasma, the thermal motions of the particles produce electrostatic fluctuations, which are completely determined by the particle velocity distributions [Rostoker, 1961] . It has the advantage of being relatively immune to spacecraft potential perturbations, which complicate the analysis of electrostatic analy•.er data [Scime et al., 1994] , and can thus be used to cross-check other instruments.
In this paper, we propose an extension of this theory to measure also the plasma bulk speed V. In the solar wind, the proton and electron thermal velocCopyright 1996 by the American Geophysical Union.
Paper number 96GL01070 0094-8534/96/96GL-01070505.00 ities, respectively Vthp and Vthe, satisfy the inequality •thp • V • •the. Hence, the bulk velocity has essentially not effect on the electron thermal noise spectrum ; on the contrary, the proton noise spectrum is strongly Doppler-shifted (see solid curve below fp in Figure 1) and it can be observed far above the proton characteristic frequencies, and therefore be used to measure the bulk speed V.
In an attempt to calculate this proton thermal noise on a wire dipole antenna in the solar wind, it has been argued that it is maximum when the antenna is parallel to V, and negligible when it is perpendicular [Kellogg, 1981] This noise was already observed by the radio receiver on ISEE-3 in the solar wind, and interpreted by MeyerVernet et al.
[1986] using computations by Couturier et al. [1983] . But the numerical calculations were too complicated to yield a practical method of plasma diagnosis.
In this paper, we introduce an easy-to-compute formula approximating the theoretical result. Then the quasi-thermal noise, measured when the antenna is approximately perpendicular to V, yields the plasma bulk speed. 
Discussion
The above results suggest that the proposed method might be implemented to make a routine diagnosis of the solar wind speed. In general, the proton thermal noise (see Eq. (1) (1) to determine the bulk speed is that the antenna must be roughly perpendicular to V. However, this is not a real limitation when using data from a spinning spacecraft, since one has just to select the part of the spin period when the antenna is nearly perpendicular to V (or to calculate the theoretical spectrum for any antenna orientation).
All of these constraints may be eased in a future analysis. As yet, the first results we obtained are promising and show that the thermal noise method can provide an accurate determination of the bulk speed in addition to the electron density and bulk temperature. It is complementary of particle analyzers and can be used to cross-check other instruments. data reduction with us. Thanks also are due to J.L Phillips for the Ulysses SWOOPS data used in this paper, J.-L. Steinberg and the referees for helpful comments on this paper.
